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Abstract 
This paper presents a library of components for PV systems under Matlab/Simulink, named " PV 
Systems Toolbox " . This toolbox allows analyzing the behavior of a PV system. It also estimates the power 
produced by the PV generator according to changes in climatic conditions and the nature of the load. An 
accurate model of the PV generator is presented based on the equation of the Shockley diode. A simple 
simulation example is given using a typical 60W PV module.
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1. Introduction
The prediction of the electrical behavior of a photovoltaic generator (GPV)  is essential 
because it is the basis of the prediction of the energy that will be produced. This is a critical step in 
the design of any PV system. Simulation is a powerful tool for the theoretical performance 
evaluation of a system. In effect, it can be tested under conditions easily controlled and its 
performance can be readily monitored. The MathWorks MATLAB software and its associated 
graphical extension SIMULINK have the ability to simulate dynamic systems with ease and 
flexibility. 
    This paper is organized as follows: the PV generator is described in Part I. The impedance 
© 2014 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
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matching stage between a PV generator and a load is presented in Part II. The MPPT converter and 
some algorithms are described in Part III. The design of a library of components in Simulink is 
detailed in Part IV. Les résultats de la Simulation sont illustrés dans la partie V, suivie par une 
conclusion dans la partie VI.
2.  The Photovoltaic Generator 

Photovoltaic cells are semiconductor electronic components. They convert directly light energy 
into low voltage DC electricity by the photovoltaic effect. PV cell is the basic element of a PV 
system. A set of cells form a solar module in which the cells are electrically connected together and 
encapsulated. Several modules form a solar panel. Several panels form a solar system or field, to 
which are added protections, a regulator, a system of energy storage (battery), control and 
measurement equipments and an inverter. For the remainder of this paper, we use the term PVG to 
refer to a module or a PV panel. 
2.1  Modeling of  PVG 

 phI : photocurrent 
   ID: current through the diode 
   Icell: current delivered by the cell 
   Vcell: voltage across the cell 
   Iload: current through the load 
   Vload: voltage across the load
fig.1. Equivalent electrical circuit of a PV cell 
connected to a load
A PV cell can be represented by the equivalent electric circuit shown in figure 1. This circuit 
consists of a diode which represents the PN junction of the cell and a constant current source whose 
current amplitude depends on the intensity of the radiation. The parallel resistor pR  characterizes the 
leakage current on the surface of the cell due to the non-ideality of the PN junction and impurities near 
the junction. The series resistor sR  represents the various contact resistances and the resistance of the 
semiconductor. With such an equivalent electrical circuit, one can obtain the following mathematical 
model of the PV cell : 
p
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where : 
qnkTVth /=   is called thermal voltage 
q : elementary electric charge [ 19101.6 
As ]
k : boltzmann constant  
[ KJ/101.381 23 ]
T  : absolute temperature of the cell [ Ko ]
sI :saturation current of the unlighted 
junction  [ A ]
n  : ideality factor of the junction 
The expression (1) gives an adequate representation of the intrinsic behavior of a typical silicon PV 
cell. Nevertheless, it can not be used directly to predict the behavior of PVG, because some parameters, 
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The conversion structure is selected according to the load to be supplied. It can be step-up or step-
down. Figure 4 shows the representation of a DC / DC converter, which can be used as an interface 
between PVG and the load [1,8,9,10,11]. 
        The role of DC / DC converter in the PV system is to make the adjustment between the PVG 
and the charge for an optimal power transfer. This is done by keeping the operating point (OP) on or 
fairly close to the MPP for any operating conditions (radiance, temperature, load characteristics, 
etc..). The DC / DC converter is used to regulate the input voltage pvV . The reference voltage is 
then constant or imposed by a control algorithm.
4. The MPPT converter 
The power delivered by a PVG strongly depends on the sunlight level, temperature and also the 
nature of the supplied load. It is therefore very unpredictable. As shown in Figure3, the power 
characteristic of PVG has a maximum power point MPP corresponding to a certain operating point 
of coordinates MPPV  for voltage and MPPI  for current. Since the position of the MPP depends on 
the level radiation and cell temperature, it is never constant over time. A MPPT Converter 
(Maximum Power Point Tracker) must be used to track the MPP. A MPPT converter is a power 
conversion system with an appropriate control algorithm for extracting the maximum power that can 
provide the PVG. 
4.1 Principle of the MPP research 
Fig.3. Power characteristic curve of a PVG and Sign 
of dP/dV at different positions of this curve 
Fig.4. Schematic diagram of the MPPT converter 
Figure 4 shows the block diagram of a typical MPPT converter. The MPPT control varies the duty 
cycle of the static converter (SC) using a PWM signal. The MPPT algorithm is based on the variation of 
the duty cycle of the SC in response to changing input parameters (I and V and therefore the power of 
PVG) to be placed on the MPP.  
Several algorithms are presented in the literature. The most used are [2,4,14,15,16] “Perturb and 
Observe algorithm (P&O)” and “Incremental Conductance algorithm (IncCond)”. 
4.2  Perturb and Observe algorithm (P&O)
P&O method is generally the most used because of its simplicity and ease of implementation. As its name 
implies, this method works by disrupting the system and observing the impact on power output of PVG. 
On figure 3, we can see that if the operating voltage is disturbed in a given direction and that the power 
increases  0/ !dVdP  then it is clear that the disturbance has moved the operating point toward the MPP. 
The P&O algorithm will continue to disturb the voltage in the same direction. By cons, if the power drops 
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( 0</dVdP ), then the disturbance has moved the operating point far from the MPP. The algorithm will 
reverse the direction of subsequent disturbance [2,12].
4.3  Incremental Conductance algorithm (IncCond)
This method is based on the fact that the slope of the power curve of the panel is zero at the MPP, 
positive to the left and negative to right (figure 4) [2,4,16]. Since 
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The MPP can be tracked by comparing the instantaneous conductance ( VIGic /= ) to the 
incremental conductance ( VIGic ''' /= ). refV  is the reference voltage for which the PV panel is forced 
to operate. At the MPP  MPPref VV = . Once the MPP is reached, the operating point correspendant is 
maintained, unless a change in I'  is observed, indicating a change in atmospheric conditions and 
therefore the MPP. The algorithm increases or decreases refV  to track the new MPP.  
5.  Design of a Simulink Components Library 
The MATLAB software of MathWorks' and its associated graphical extension Simulink have the 
ability to simulate mixed dynamical systems (continuous and discrete). It is therefore well suited to 
implement, test, simulate and evaluate the PV systems. For this we have designed a variety of 
components that form a library for the simulation of PV systems in Simulink. 
5.1  PVG model
We have used the mathematical model of the PVG given by expression (2) to design a component in 
Simulink representing the PVG. Figure 7 shows the component PVG where G is the level of radiation 
(W/m²), aT  is ambient temperature (°C), pV  is the PVG voltage (V) and pI  is the current PVG (A). The 
Simulink PVG model of figure 7 has as output the current of the PVG. It is well adapted for a parallel 
connection of several PV modules that share the same voltage. However, this model can be used to build 
another model (figure 7 second bloc) which has as output the voltage of the PVG. The latter is well 
adapted for a series connection of several PV modules that share the same current. 
5.2  MPPT algorithms models
We have designed a simulation model of the P&O algorithm (figure 5) and the IncCond algorithm 
(figure 6). 
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Fig.7. Component library for photovoltaic systems under Simulink (Photovoltaic Systems Toolbox)
6.  Simulation Results 
To perform the simulation, we selected MSX60 Solarex module that provides a nominal power of 
60W. It consists of 36 polycrystalline silicon cells and its main characteristics are given in Table 1. 
Table 1: characteristics of 36 polycrystalline silicon cells 
 Parameter  Variable  
Value
Maximum power  
MPPP  60W
Short-circuit current  
scI  3.8A  
Open circuit voltage  
ocV  21.1V  
Temperature 
Coefficient of scI
0k 0.0065%/
Co
The values of the different components of the Buck converter used in the simulation are : inductance 
of HP120 , an input capacitor of .100 FP  and an output capacitor of .100 FP  The connected load is a 
Fig.5. SIMULINK model of the P&O MPPT 
algorithm
Fig.6. SIMULINK model of the IncCond 
MPPT algorithm
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simple resistor. The chosen MPPT frequency is Hz500  and the initial duty cycle is 30%. 
6.1  Operating under stable climatic conditions 
In this section, the atmospheric conditions correspond to the STC (Standard Test Condition, 
radiation of 1000W/m² and an ambient temperature of 25 o C). The simulation results are shown in figures 
8 and 9 for a duty cycle perturbation of 2%. 
7.  Conclusion 
In this paper, we presented the design of a component library for a PV system under Simulink. The 
library, named "Photovoltaic Systems Toolbox" consists of a precise model representing the PVG, model 
designating the SC and finally two models to simulate algorithms MPPT P&O and IncCond. The library, 
named "Photovoltaic Systems Toolbox" consists of a precise model representing the PVG, a model 
denoting the SC and finally two models to simulate P&O and IncCond MPPT algorithms. The simulation 
results using a typical 60W PV module have shown a good representation of the behavior of a PV system. 
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